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Inner Core- 4300°C 

° mostly iron core 

e inner part is so compressed that it is solid 
Outer Core- 3/00°C 


e iron and sulfur 


e liquid 


Mantle- 1000°C Crust 
mesosphere continental crust (granite) 
eSolid 20 to 70 km thick 
e~ 2300 km thick oceanic crust (basalt) 
asthenosphere °~8km thick 
e Soft 
e~3000 km thick 
lithosphere 
ehard 
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History Continental Drift 
Alexander von Humboldt (1800) : 


Once upon ago all the land boundary of Atlantic sea joint together. 
Antonio Snider-Pellegrini : 
Similarity of vegetation fossil between North America with Europe. 


Edward Suess : 


Once upon ago continent is Huge but divided into many small 
pieces. 


Alfred Wegener (1912) : Continental Drift Theory 


Alfred Wegener's greatest 
contribution to the scientific 
world was his ability to weave 
seemingly dissimilar, unrelated 
facts into a theory, which was 
remarkably visionary for the 
time. Wegener was one of the 
first to realize that an 
understanding of how the Earth 
works required input and 
knowledge from ai/ the earth 
sciences. 


Alfred Wegener Biography 


Wegener's scientific 
vision sharpened in 1914 
as he was recuperating in 
a military hospital from 
an injury suffered asa 
German soldier during 
World War |. While bed- 
ridden, he had ample 
time to develop an idea 
that had intrigued him for 
years. 


Like others before him, 
Wegener had been struck 
by the remarkable fit of 
the coastlines of South 
America and Africa. But, 
unlike the others, to 


support his theory 


Wegener sought out many 
other lines of geologic and 
paleontologic evidence 
that these two continents 


were once joined. During 
his long convalescence, 
Wegener was able to fully 
develop his ideas 


into the Theory of 
Continental Drift, detailed 
in a book titled Die 
Entstehung der Kontinente 
und Ozeane (in German, 
The Origin of Continents 
and Oceans) published in 
1915. 


Wegener obtained his doctorate in planetary astronomy 
in 1905 but soon became interested in meteorology; 
during his lifetime, he participated in several 
meteorologic expeditions to Greenland. Tenacious by 
nature, Wegener spent much of his adult life vigorously 


defending his theory of continental drift, which was 
severely attacked from the start and never gained 
acceptance in his lifetime. Despite overwhelming 
criticism from most leading geologists, who regarded him 
as a mere meteorologist and outsider meddling in their 
field, Wegener did not back down but worked even 
harder to strengthen his theory 


Wegener's theory 


Based in part on what appeared to him to be the remarkable fit 
of the South American and African continents, first noted by 
Abraham Ortelius three centuries earlier. Wegener was also 
intrigued by the occurrences of unusual geologic structures 
and of plant and animal fossils found on the matching 
coastlines of South America and Africa, which are now widely 
separated by the Atlantic Ocean. He reasoned that it was 
physically impossible for most of these organisms to have swum 
or have been transported across the vast oceans. To him, the 
presence of identical fossil species along the coastal parts of 
Africa and South America was the most compelling evidence 
that the two continents were once joined. 
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225 million years ago 


135 million years ago 


65 million years ago 


Atenen Wecenen (1880-1930 


"Utter, damned rot!" said the president 
of the prestigious American 
Philosophical Society. 


"If we are to believe [this] hypothesis, 
we must forget everything we have 
learned in the last 70 years and start all 
over again," said another American 
Scientist. 


Anyone who "valued his reputation for 
scientific sanity" would never dare 
support such a theory, said a British 
geologist. 


Thus did most in the scientific 
community ridicule the concept that 
would revolutionize the earth sciences 
and revile the man who dared to 
propose it, German meteorological 
pioneer and polar explorer Alfred 
Wegener. Science historians compare 
his story with the tribulations of 
Galileo. 


The Wrath of Science 


The international geological 
community's reaction to Wegener's 


‘ 1 theory was militantly hostile. 
5 \ American geologist Frank Taylor had 
L- en x published a similar theory in 1910, but 
Pat Gs most of his colleagues had simply 
\ \/ ignored it. Wegener's more cogent and 
¥ A ‘7 4 \ ved comprehensive work, however, was 
remorse ee GS mae) ct Pomme rete impossible to ignore and ignited a 
' (a i y a firestorm of rage and rancor. 
/ roe | } Anton Pte Moreover, most of the blistering 
} “Sf te ~~ fr attacks were aimed at Wegener 
ated bana: ae XG himself, an outsider who seemed to be 
e attacking the very foundations of 
geology. 


Wegener’s Proposed Mechanisms 
Why do the continents “plow around on the earth’s mantle” ? 


The tides move the continents. 


Centrifugal force from the earth spinning. “Flight from the 
poles” 


"It is probable the complete solution of the problem of the 
forces will be a long time coming,’ he predicted in his last 
(1929) revision. 


Bottom line, there was no reasonable mechanism. 


Testimonials 


Wegener noted, however, that one thing was certain: 


“The forces which displace continents are the same as 
those which produce great fold-mountain ranges. 
Continental drift, faults and compressions, earthquakes, 
volcanicity, [ocean] transgression cycles and [apparent] 
polar wandering are undoubtedly connected on a grand 
scale.” 


Wegener's final revison cited supporting evidence from many fields, 
including testimonials from scientists who found his hypothesis resolved 
difficulties in their disciplines much better than the old theories. 


Continental Drift: Reactions 


Received well in Europe and southern hemisphere. 


Rejected in U.S., where scientists staunchly preferred 
induction (incremental progress built on 
observation) over what they perceived as 
speculative deduction. 


Lack of a suitable mechanism crippled continental 
drift’s widespread acceptance. 


Conflict remained unresolved because seafloors were 
almost completely unexplored. 


The Rise of Plate Tectonics 


WW Il and the Cold War: Military Spending 


U.S. Navy mapped seafloor with echo sounding (sonar) to find and hide submarines. 
Generalized maps showed: 


oceanic ridges—submerged mountain ranges 
fracture zones—cracks perpendicular to ridges 
trenches—narrow, deep gashes 

abyssal plains—vast flat areas 


seamounts—drowned undersea islands 


Dredged rocks of the seafloor included only basalt, gabbro, and serpentinite—no 
continental materials. 


Evidence of Continental Drift 


Coast line fit 

Structural geology 

Fossil 

Distribution of Flora and Fauna 
Paleomagnetic 

Glacial deposit 

etc 
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Even before geochronology, the 
relative framework of rock ages showed strong estelaton across the Atlantic, as did 


mountain ranges of similar age. 


Glacial features 
of the same age 
restore toa 
tight polar 
distribution. 
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Continental Drift : 
The Unanswered Problems 


What caused the continent to 
drift? 


Sea floor Spreading, 
caused or result? 


Mechanism of Continental Drift? 


Wegener never lived to see the general acceptance of continental drift, largely because 
of the lack of a mechanism. Wegener considered the buoyant continents to be ‘plowing’ 
through the mantle, resulting in mountain belts on continental edges. 


Oceanic crust 


Mantle Convection 


Beginning just after Wegener’s end, Arthur Holmes began to 


describe mantle heat flow in terms of convection. 


Deep materials, hotter than their surroundings (and hence 


buoyant), would tend to flow upward. In approaching the cool 


surface of the Earth, the material would lose its thermal 


energy, cool and sink, having lost buoyancy. 


The motion of mantle material put into action by convection 


thus becomes a plausible mechanism for moving rigid pieces 


of the crust over some more actively flowing mantle material. 


Mantle Convection 


Materials that can flow tend to 
lose thermal energy by the 
convection process. This 


explains circulation in a pot of 


water that is being heated from 


below in the same way it 


describes the cooling of the , 
Earth. | 


Harry Hess and Marine Geology 


From the 1940’s to the 60’s, Harry Hess made many key intellectual contributions to the 
coming revolution 
in geologic thought: 


-- echo-sounding of sea floor revealed deep sea features like guyots and 
seamounts, and the topography of mid-ocean ridges 
-- ridges are areas of high heat flow and volcanic activity 


-- young age of ocean floor, based on thickness of sediment 


He also speculated that the continents did not plow through ocean crust, but that the 


two are linked and move as a unit. 


Depth to Sea Floor 


Topography and Age of the Sea Floor 
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Age of Oceanic Crust 


down 


As ocean crust ages, it cools and is less buoyant. The cool mantle 
root on this crust helps pull it down into the mantle, resulting in 
deeper sea floor progressively away from the ridges. 


Harry Hess and Sea Floor Spreading 


Hess rationalized all of his observations into a system linked by the old Holmes concept 
of mantle convection. 

He conjectured that hot material rose at the oceanic ridges, thus explaining the high 
heat flow and basaltic volcanic activity, and why the ocean floor is bulged up at the 
ridges. 

The logical next step is that where continent and ocean meet, at the trenches, ocean 


crust is being returned to the mantle at the same rate it is being generated at the ridges. 
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Sea-Floor Spreading 
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Sea Floor Spreading 


Hess combined his observations with the earlier ideas of Wegener and the mechanism 


of Holmes into the concept of 


sea floor spreading, which lead to plate tectonics. 


*This hypothesis 
makes a number of 
testable predictions.* un : | 


Earth’s Magnetic Field 
The Earth has an invisible magnetic field, which has been 
critical to the earliest nautical navigation: all free-floating 


magnets at the Earth’s surface point to magnetic north. 


lron-rich minerals crystallizing from molten rock will orient 


towards magnetic north when they cool below th | 
the temperature above which permanent magnetism is 


impossible (580°C for magnetite). 
Thus lavas lock in the record of Earth’s 


magnetic field when they form. 


How do we measure the ‘magnetism’ of a rock? 


Magnetic Reversals 
Interestingly, the polarity of the magnetic field shifts every 
0.5 - 1.0 Myr. That means rocks formed over time will record 
either ‘normal’ magnetic orientation (like today), or 
‘reversed’. Since this is a global phenomenon, these 
changes can be used for global stratigraphic correlation. 


Today 
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Lava Glacial 30,000 years ago ( Pr ) 
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* Taking magnetic stratigraphy 
back in time is paleomagnetism. * 


Paleomagnetism on the Sea Floor 


An amazing discovery was made when the magnetic profile of the sea floor 
around the Mid-Atlantic Ridge was mapped. 


The maps showed parallel 
magnetic ‘stripes’ that were 
perfectly symmetrical across 
the ridge axis. 


Colored stripes represent 
rocks with present-day 
magnetic orientations 
(‘normal polarity’), grey 
represents rocks with 

reversed polarity. 


2 million 
years ago 


Paleomagnetism 
and 
Sea Floor Spreading 


Vine and Matthews 


1.35 million 
years ago 


interpreted the 
magnetic stripes as 
products of steady 
creation of new ocean 


crust over geologic 
time, supporting the 
hypothesis of Hess. 
Millions of years ago / NN 
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Magnetic Field: Direction and Inclination 


Rock magnetism has two Magnetic North vs True North 
components: the} airection of 


magnetic ‘pointing’ and the Lines of 


linclination| of this with the Earth’s 


surface. Magnetic inclination =|); 
goes from nearly horizontal at |. " needa 
the equator to vertical at the 


magnetic pole. 


Thus, magnetic records give an 
indication of where the rock was 


on the surface when it was 


magnetized. 


Magnetism and Wandering Continents 


Another key contribution to the geology thought-revolution 
came from paleomagnetic studies on the continents. It was 
noticed that the magnetic pole positions indicated by rocks 


of known age were not constant. 


If magnetic north remained in an essentially similar position 
over Earth history (despite the periodic polarity changes), 
then the different magnetic orientations meant that the 


continents had moved. 


These results showed that some rocks on continents 


currently at equatorial positions had occupied high latitudes 


in the past. 


Apparent Polar Wander Paths 
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The Key Features of Plate Tectonics 


(1) The Earth’s crust is constantly being created 
and destroyed (recycled). 

(2) Ocean crust, formed at divergent margins, is mafic and dense. 
(3) AS ocean crust ages and cools, its great density relative to the 
continents results in subduction as plates converge. 

(4) The other kind of plate margins, transforms, are parallel to the 
current motion of the plates. 


Basic Concept of Plate Tectonics 


e Lithosphere rigid and brittle, consist of crust 
and upper mantel of the upper part. 

e Lithosphere lay on the upper part of 
asthenosphere (part of earth mantel that 
elastics and plastic). 

e Breaks into plates which called lithosphere 
plates. 


